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An experiment for studying the superallowed
Gamow-Teller decay of the doubly magic nucleus 100Sn
was performed in June 2013 at the high-resolution sep-
arator BigRIPS of the RIBF at the RIKEN Nishina
Center. A 4-mm 9Be target was bombarded with a
124Xe beam of 345 MeV/u at intensities up to 36.4 pnA
to produce 100Sn and a large cocktail3) of its neighbor-
ing nuclei down to neutron numbers N = (Z - 2) by
fragmentation. The nuclei were implanted into the
WAS3ABi silicon detector that consists of 3 detec-
tors with high granularity extended by 10 additional
single-sided, seven-fold segmented detectors in a closed
stack geometry to absorb the emitted β-particles at a
maximum efficiency. This WAS3ABi detector was sur-
rounded by 84 Ge- and 18 LaBr-detectors of the 4π-γ-
ray spectrometer EURICA.
In order to study the branching ratios of the β-decays,
derive level schemes of exotic nuclei and determine iso-
meric ratios as well as lifetimes of the isomers, a reli-
able efficiency calibration has been performed.
Owing to the special geometry of the WAS3ABi and
the failure of several Ge-detectors, the calibration was
performed using a γγ-coincidence method. Cascading
γ-transitions in 98Cd, 94Pd and 96Pd, fed by different
isomers, are available with a large number of counts.
For example the delayed γ-emission in 98Cd always
contains a complete chain for the energies 147 keV,
198 keV, 687 keV and 1395 keV. Thus, the ratio of
coincident events of a pair of transitions and the total
number of events for one of them directly yields the
efficiency at the corresponding energy. This method is
of great advantage since the radiation, originating in
the implantation region, contains the detector-specific
absorption effects and it does not introduce systematic
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uncertainties that is usually introduced by simulation
based methods. Efficiency calibrations, consistent with
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Fig. 1. Absolute γ-ray efficiency of the HPGe clusters of

EURICA. γ-rays from isomers of 98Cd, 96Pd and 94Pd,

are used for the fit. Bars indicate the statistical uncer-

tainty of the efficiencies.

previous works4), using this γγ-coincidence method are
shown in Fig. 1.
In addition, greater precision of known isomer half-
lives was attainable owing to high statistics in this
experiment and preliminary half-lives of 8+ and 12+

isomers in 98Cd were determined as 181+35
−25 ns and

228+5
−5 ns, respectively. This would lead to better con-

straints on the transition strengths for the test of mod-
ern shell models. Previously reported γ-rays in the
β-decay of 100Sn1) were reproduced, allowing an un-
precedented βγγ-coincidence analysis for 100In. More-
over a new high-spin isomeric state in 96Cd has been
observed with a half-life of about 200 ns, with a decay
branch into both, the 16+ isomer and the (10+) state,
which has a prompt decay cascade to the ground state.
Further analysis is underway to finalize experimental
results and compare these to large-scale shell model
calculations.
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The shell model plays a key role in allowing a micro-
scopic description of many of the properties of atomic
nuclei. Its two ingredients are single-particle ener-
gies and effective nucleon-nucleon interactions. Ex-
perimental studies of semi-magic Sn nuclei beyond the
doubly magic nucleus 132Sn provide information that
allows the neutron-neutron part of effective interac-
tions for the N = 82− 126 valence space to be tested
and optimized. More generally, such studies provide
a key benchmark for the methods used to construct
effective interactions in a heavy-mass region far from
stability. Currently there is little experimental data
on the Sn isotopes beyond the N = 82 shell closure,
which are difficult to produce and study.

Excited states in the nuclei 136,138Sn have been in-
vestigated by detecting delayed γ-ray cascades using
the EURICA spectrometer1), which was coupled to
the BigRIPS separator of the RIBF facility. These
exotic nuclei were produced by the in-flight fission of
a 345 MeV/nucleon 238U beam. Cascades containing
three delayed γ rays each were observed in coincidence
with identified 136,138Sn ions. The spins of the isomeric
states of 136,138Sn were assigned as (6+), in analogy
with a very similar delayed cascade previously reported
for 134Sn2).
The energies of the excited states of 134,136,138Sn

have been compared to the predictions of shell-model
calculations, which used state-of-the-art realistic ef-
fective interactions. These calculations used the full
N = 82 − 126 valence space and the effective single-
particle energies were the experimental ones. The ex-
perimentally determined level energies of 134,136,138Sn
were all well reproduced. The B(E2; 6+1 → 4+1 ) values
were also correctly predicted for 134,138Sn, though this
value was more than a factor of 5 away for 136Sn, as
shown in Fig. 1. Three other shell-model calculations
reported in the literature, using realistic and empiri-
cal effective interactions, also failed to reproduce the
B(E2; 6+1 → 4+1 ) value for

136Sn and are off by at least
a factor of 2.
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Fig. 1. Experimental (black squares) and theoretical re-

duced transition rates for 6+
1
→4+

1
γ decays in 134−138Sn.

The calculations used a realistic Vlow−k interaction

(red filled circles), a pairing-modified Vlow−k interac-

tion (blue open circles) and a pure f7/2 seniority scheme

(grey curve).

The near-constant energies of the (2+1 ), (4+1 ) and
(6+1 ) states of 134,136,138Sn are characteristic of dom-
inant seniority 2 (one broken pair) excitations. The
B(E2) values of seniority-conserving transitions are
expected to follow the shape of a symmetric positive
parabola, as shown in Fig. 1. The results obtained with
a realistic Vlow−k interaction follow a similar pattern
to the seniority 2 scheme. Additional shell-model cal-
culations have been performed which allowed particle-
hole excitations from the neutron ν0h11/2 and proton
0g9/2 shells to the N = 82 − 126 and Z = 50 − 70
valence spaces, respectively. These allowed the influ-
ence of core polarization effects on the transition rates
of the neutron-rich Sn nuclei to be examined. How-
ever, the B(E2; 6+1 → 4+1 ) value for 136Sn was still
not correctly reproduced. Reducing the energies of
the ν1f2

7/2 diagonal and off-diagonal matrix elements

by ∼150 keV allowed the B(E2, 6+1 → 4+1 ) of 136Sn
to be correctly predicted. This shift is equivalent to
a reduction in the pairing strength. The results using
this pairing-modified Vlow−k interaction are shown in
Fig. 1. Similar modifications to pairing were necessary
to reproduce the level schemes of 72,74Ni4), illustrat-
ing the need for additional theoretical efforts on the
construction of effective interactions.
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